The essential oil from the leaves of Didymocarpus tomentosa was extracted by hydrodistillation and analyzed by GC/FID and GC/MS. Twenty five constituents amounting to 81.6% of the oil were identified. The leaf oil contained 78.7% sesquiterpenes and 2.9% monoterpenes. The leaf essential oil of D. tomentosa is a unique caryophyllene-rich natural source containing β-caryophyllene, caryophyllene oxide, α-humulene and humulene oxide. The cytotoxic activity of the oil was determined by the BSLT using shrimp larva and the MTT assay using HeLa tumor cell line. The oil showed significant cytotoxic activity with LC 50 and IC 50 values of 12.26 and 11.4 µg/mL, respectively. This is the first report on the chemical composition and cytotoxic activity of the essential oil of D. tomentosa.
Didymocarpus tomentosa Wight. [Syn. of Henckelia incana (Vahl)
Spreng.], belonging to Gesneriaceae, is an endemic herb found in the crevices of rocks during August and September in regions of peninsular India. The juices prepared from the leaves of D. tomentosa are used as a tonic for the treatment of fever and is described as an ethno-medicinal plant [1, 2] . From the literature it is evident that a few species of Gesneriaceae have been used by the indigenous people of tropical Asia and America. Species D. pedicellata popularly known as shilapushpa is considered as a valuable medicinal plant in traditional Indian medicine. The plant extract is used for its diuretic properties to maintain a healthy urinary tract and for the treatment of kidney stones [3, 4] . The extracts of the aerial parts of D. pedicellata has exhibited potent antioxidant, nephro-protective and antitumor promoting activities [5] . In the Ayurvedic system of medicine, the young leaves of D. leucocalyx are used as aromatic stomachics and carminatives for diseases due to the disorders of VATA (one of the three vital forces in living beings) [6] .
The chemical composition of the essential oil of other members of Gesneriaceae such as, Sinningia aggregata, Ramonda serbica and R. nathaliae have been reported [7, 8] . It was reported that terpenoids were less frequent in Gesneriaceae [9] . Terpenoid isolation and determination of the chemical composition of essential oils are less studied in Didymocarpus. Various essential oil components such as didymocarpene, didymocarpol and didymocarpenol have been isolated from the leaves of D. pedicellata [10] . The essential oil of D. pedicellata has been shown to exhibit antimicrobial activities [11] . However, to date no such studies have been reported for D. tomentosa and therefore, the present study was undertaken to determine the chemical composition and evaluate the cytotoxic activity of the essential oil from its leaves. The hydro-distillation of Didymocarpus tomentosa leaves yielded 0.50% (v/w) of a pale yellow essential oil which possessed a distinct odor.
The GC/FID and GC/MS analyses resulted in the identification of 25 constituents representing 81.6% of the chromatographical oil [ Table 1 ]. Out of the total constituents of the oil identified, sesquiterpenes dominated the composition with 78.7% while monoterpenes accounted for only 2.9%. Among the sesquiterpenes, sesquiterpene hydrocarbons constituted 45.8% with the main constituents being β-caryophyllene (32.3%), α-humulene (7.4%), βselinene (2.4%) and α-selinene (1.9%). The oxygenated sesquiterpenes represented 32.9% of the oil, mainly comprising, caryophyllene oxide (22.5%), veridiflorol (3.5%), spathulenol (2.9%) and humulene oxide (1.4%). Compounds having the caryophyllene skeleton namely β-caryophyllene, caryophyllene oxide, α-humulene and humulene oxide amounted to 63.7% of the oil. Therefore it is evident that the essential oil of D. tomentosa is rich in caryophyllenes. The most dominant compounds are βcaryophyllene, caryophyllene oxide and α-humulene. The essential oil of Copaifera multijuga, rhizome oil of Zingiber nimmonii, fruit oil of Piper guineense, oil from aerial parts of Artemisia campestris have also been reported to be rich in caryophyllene [12] [13] [14] [15] .
β-Caryophyllene is an isomer of α-humulene and the two are often found together in Nature. Both β-caryophyllene and α-humulene were recorded in considerable quantity in D. tomentosa. The presence of α-humulene was also reported from D. pedicellata as didymocarpene [10] . However polyterpenes and fatty acids reported in D. pedicellata, were not found in the oil of D. tomentosa.
The essential oil composition of S. aggregata, R. serbica and R. nathaliae, belonging to the same family differed significantly. The dominant compounds in the aerial parts of S. aggregata were longchain aliphatic compounds and oxygenated sesquiterpenes while that of R. serbica and R. nathaliae leaf oils were reported to be phenylacetaldehyde. The concentration of sesquiterpenes noted in the essential oils of D. tomentosa is significantly higher (78.7%) when compared to that of S. aggregata (40.2%). Studies on the NPC Natural Product Communications 2012 Vol. 7 No. 11 1535 -1538 [7, 8] .
The preliminary cytotoxic activity of the essential oil of D. tomentosa was carried out using brine shrimps. The degree of lethality was found to be directly proportional to the concentration of the essential oil used. One hundred percent mortality was exhibited at a concentration of 24 µg/mL. This 100% mortality was not recorded with the standard, even at a higher concentration of 50 µg/mL. There was no mortality observed at a concentration of 4 µg/mL of the oil and 10 µg/mL of the standard. The LC 50 values of the oil and the standard were 12.2 and 30.2 µg/mL, respectively. The significant lethality of the brine shrimps to the oil showed the higher cytotoxic potential of this oil. The viability of HeLa cells decreased with increasing concentrations of the oil from 0-16 µg/mL in a dose dependent manner [ Figure 1 ]. Most of the cells remained viable at lower doses and the cell viability reached 50% at a concentration of 11.4 µg/mL. As per the National Cancer Institute Plant Screening Program, a crude extract is generally considered to have in vitro cytotoxic activity, if the IC 50 value in carcinoma cells is less than 20 µg/mL [16] . Therefore, an IC 50 value of 11.4 µg/mL clearly demonstrates the significant cytotoxic activity of D. tomentosa leaf oil.
Sesquiterpenes are known to have a therapeutic potential in decreasing the progression of cancer and is considered to be a cytotoxic anticancer agent [17, 18] . It is also established that β-caryophyllene is one of the major cytotoxic agents which acts on a wide range of cell lines besides its demonstrable apoptosisinducing potential against tumor cell lines [19] [20] [21] . Further β-caryophyllene, α-humulene and caryophyllene oxide were also 
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reported to possess cytotoxic activities [19, 22, 23] . The essential oil of D. tomentosa exhibited significant cytotoxic activity against the HeLa cell line as it contains 63.7% of caryophyllenes, with βcaryophyllene as a major constituent (32.3%). Therefore the significant cytotoxicity observed is attributed to the presence of higher levels of caryophyllene with β-caryophyllene as the dominant component. The essential oil of D. tomentosa established significant mortality rate on the brine shrimps when compared to the standard. This may be due to the synergistic effect of βcaryophyllene and α-humulene as opined by another study [24] .
This study demonstrates that the leaf essential oil of D. tomentosa [Syn. of Henckelia incana (Vahl) Spreng.] is a unique natural source of sesquiterpenes predominantly containing caryophyllenes. The oil is a potential alternate source of β-caryophyllene, a proven anticancer compound. The result described here also demonstrates the promising possibility of using this oil as a natural cytotoxic agent against the HeLa cell lines.
Experimental
Plant material: The leaves of D. tomentosa were collected from Savanadurga hills near Bangalore in South India. The plant was identified using the Flora of British India and the Flora of the Tamil Nadu Carnatic [25, 26] . Further authentication was done by the National Ayurveda Dietetics Research Institute, Bangalore. A voucher specimen has been deposited at the above Centre (RRCBI/MCW/09) and a herbarium is maintained in the research Centre (VN 506).
Isolation of essential oil:
About 100 g of dried leaves powder was subjected to hydrodistillation for 4 h using a Clevenger-type apparatus which yielded 0.5 mL of oil. The oil was collected and stored in air tight vials at 4C.
GC/FID analysis:
The GC analysis was performed using a Shimadzu GC-2014 gas chromatography equipped with a flame ionization detector on a BP-1 capillary column (25 m x 0.20 mm, 0.33 µm film thickness) working with the following temperature program from 50C (2 min) to 300C (35 min) at 10C/minute. The injection temperature was 310C with an injection volume of 1.0 µL and an inlet pressure of 100 kPa. Nitrogen was the carrier gas. About 2 µL of the essential oil dissolved in n-hexane was injected with a splitless mode. A standard solution of n-alkanes (C 7 -C 40 ) was used to obtain Kovat indices.
GC/MS analysis:
GC/MS analysis was carried out using Shimadzu GCMS-QP2010 gas chromatography-mass spectrometer interfaced with a turbo mass quadrupole mass spectrometer, fitted with an Rtx-5 fused silica capillary column (30 m × 0.25 mm, with 1 μm film thickness); the oven temperature was programmed from 150C to Essential oil from the leaves of Didymocarpus tomentosa Natural Product Communications Vol. 7 (11) 2012 1537 210C (10 min) at 2C/min and increased to 260C (10 min) at 10C/min. Helium was used as a carrier gas at flow rate of 1.0 mL/min; the injector temperature was 210C, injection volume of 1 μL and with a split ratio of 1: 200. The interface and MS ion source were maintained at 280°C and 250°C respectively, the mass spectra were taken at 70 eV with a mass scan range of 40-500 amu. Data handling was done using GC/MS solution software.
Identification of compounds:
The compounds were identified by comparing Kovat index and mass spectra with the NIST and Wiley libraries. Kovat indices were calculated using a homologous series of n-alkanes (C 7 -C 40 ).
Determination of cytotoxic activity

Brine Shrimp Lethality Test [BSLT]
: BSLT was carried out as per the standard method to assess the cytotoxicity of the essential oil [27] . About 50 mg of Artemia salina eggs were added to a hatching chamber containing brine (75 mL). The hatching chamber was kept under light for 48 h, for the eggs to hatch into shrimp larvae (nauplii) and these nauplii were used for the bioassay. The sample was prepared by taking 20 mg of essential oil, 100 mg Tween-20 and 60 µL ethanol and the volume was made up to 10 mL with double distilled water. From this stock, initial concentrations of 10, 100, 1000 µg/mL were prepared and tested. It was found to be active and further tested for lower concentrations at 4, 8, 12, 16, 24 µg/mL in a multi-welled culture plate containing 4.5 mL brine and 15 shrimps per replicate. Potassium dichromate was taken as a reference standard at a concentration of 10, 30 and 50 µg/mL. The final volume of the solution in each well was adjusted to 5 mL with brine solution immediately after adding the shrimps. Respective controls were run. The plates were then incubated at 25C for 24 h.
Survivors were counted after 24 h and the number of deaths at each dose was recorded. LC 50 values were determined at 95% confidence intervals using log-probit analysis.
MTT assay: Cell line maintenance: Human cervical carcinoma cells (HeLa) were maintained in Dulbeco ' s Modified Eagle ' s Medium (DMEM) with 10% FBS and Penstrep at 37ºC in a humidified chamber with 5% CO 2 . Cell culture was performed under aseptic conditions inside a laminar airflow hood. The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay was performed using standard method [28] . Approximately 8000 cells of human cervical carcinoma (HeLa) were plated in a 96 well cultured plate in DMEM containing 10% FBS. After 24 h of incubation at 37 °C in a CO 2 incubator, concentrations of 0, 1, 2, 4, 8, 16 µg/mL of the essential oil diluted in DMSO were added to the cells and incubation continued for 20 h. Following this, 20 µL of 5 mg/mL of MTT was added to each well and incubated for an additional 4 h. The cultured medium was discarded and 200 µL of DMSO was added to dissolve the formazan crystals. The absorbance at 595 nm was determined using a Biorad Elisa Microplate reader. The cytotoxicity of the oil was measured as the percentage ratio of the absorbance of the treated cells to the untreated control cells. The IC 50 value of the oil was determined by nonlinear regression analysis (Graph Pad Prism). The dose-response curve was obtained by plotting the percentage of viability versus the concentrations.
